P ivotal clinical trials conducted to earn US Food and Drug Administration (FDA) approval of an investigational drug typically enroll a highly selected patient population. [1] [2] [3] [4] [5] Stringent selection criteria are necessary to achieve internal validity of trial results, but the trade-off is a lack of external generalizability. 1, 3 Extrapolating a drug's efficacy and safety to unstudied patients is commonplace but clinically challenging, especially when the preapproval studies demonstrate limited clinical benefit or important safety concerns. A 2017 report suggests that dextromethorphan hydrobromide and quinidine sulfate (Nuedexta; Avanir Pharmaceuticals, Inc) is an example of a medication studied in a narrow patient population in preapproval trials, which was then used in a broader population after its approval. 6 In 2010, the FDA approved dextromethorphan-quinidine for the treatment of pseudobulbar affect. The pivotal trial at the approved dose was a 12-week placebo-controlled randomized clinical trial of 326 middle-aged patients with amyotrophic lateral sclerosis (ALS) or multiple sclerosis (MS). 7, 8 Pseudobulbar affect is characterized by sudden, uncontrollable, and often inappropriate episodes of crying or laughing. Pseudobulbar affect is diagnosed clinically, sometimes with the aid of a patient-reported questionnaire. 9, 10 No specific laboratory markers, imaging findings, or pathologic results are available to confirm the diagnosis. Pseudobulbar affect is diagnosed in approximately 40% of patients with ALS and approximately 10% of patients with MS. 9, 10 In the main placebocontrolled preapproval clinical trial, patients randomized to dextromethorphan-quinidine had modest reductions in episodes of crying or laughing, the study's primary end point, and higher rates of dizziness, diarrhea, and urinary tract infection.
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The mean age of patients in this trial was approximately 52 years.
The pharmacologic mechanism for why dextromethorphan-quinidine was found to help patients with pseudobulbar affect remains unclear. Dextromethorphan is the active ingredient in some over-the-counter cough syrups, has widely known sedative properties, and is metabolized by the cytochrome P450 2D6 isozyme (CYP2D6). Quinidine, known for its antiarrhythmic properties, is a potent CYP2D6 inhibitor, and its role in the combination is to increase plasma concentrations of dextromethorphan. 8 In 2010, the medication was approved with an explicit warning: "Nuedexta has not been shown to be safe or effective in other types of emotional lability that can commonly occur, for example, in Alzheimer's disease and other dementias."
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In 2015, a 10-week phase 2 trial of dextromethorphanquinidine in 220 patients with Alzheimer disease was published 12 ; it was designed and funded by Avanir Pharmaceuticals. The study found that patients randomized to dextromethorphan-quinidine had a 1-to 2-point greater reduction in agitation scores (scale range, 0 [absence of symptoms] to 12 [daily severe symptoms]) compared with patients receiving placebo. 12 Patients randomized to dextromethorphanquinidine also had higher rates of falls, urinary tract infection, and serious adverse events. In January 2015, the prescribing information was updated to remove the statement about patients with dementia. Because dextromethorphan-quinidine was primarily studied in patients with ALS or MS to earn FDA approval, we examined the prescribing patterns of dextromethorphan-quinidine to characterize the population of patients who received the drug after approval and to determine how its actual use changed over time.
Methods
We conducted a population-based cohort study using the following 2 US commercial insurance claims databases: Optum Clinformatics Data Mart 13 and Truven Health MarketScan. Findings In this population-based cohort study of 12 858 patients in 2 commercial insurance databases who filled a prescription for the medication, most had a diagnosis of dementia and/or Parkinson disease. Reported Medicare spending on dextromethorphan-quinidine increased from $3.9 million in 2011 to $200.4 million in 2016; the number of patients receiving the medication increased from 3296 to 50 402 in the same period.
Meaning Dextromethorphan-quinidine appears to be primarily prescribed for patients with dementia and/or Parkinson disease, although its preapproval studies of efficacy were performed in patients with other diagnoses.
ance claims databases primarily include patients younger than 65 years and therefore likely underestimate the number of patients with dementia, who are often older. We also obtained data from the publicly available Medicare Part D Prescription Drug Program data set. 16 This data set, developed by the Centers for Medicare & Medicaid Services (CMS), includes information for a subset of beneficiaries who are enrolled in Medicare Part D, which represents about 70% of Medicare beneficiaries. 16 The Part D database differs from commercial claims databases, which typically include limited information on drug pricing and total spending for medications.
Baseline Covariates
Baseline demographics (ie, age and sex) and diagnoses related to chronic medical conditions were identified to 365 days before the index date. We determined claims for a prescription medication to 30 days before the index date (eTable 2 in the Supplement). We used information in the Optum database to identify the specialty of the prescribing health care professional; such an identifier was not consistently available in the Truven database.
Study Outcomes
The primary outcome was the proportion of patients prescribed dextromethorphan-quinidine with diagnoses of MS, ALS, or dementia and/or PD. We included PD because it is a common cause of dementia. To identify the primary outcome diagnoses, we reviewed available data to 1000 days before or 30 days after the index date. This prolonged duration was used to limit undercounting of patients with the diagnoses. Using data from the Optum database, we assessed the days of medication supplied by the index prescription. We also identified patients with a history of heart failure, which is a contraindication for dextromethorphanquinidine. Finally, because quinidine is known to prolong the QT interval, we assessed the number of patients with a concomitant prescription for another QT-prolonging medication, most commonly antibiotics or antipsychotics (eTable 2 in the Supplement). We determined the estimated yearly aggregate payment for Part D claims for dextromethorphan-quinidine from 2011 (first available data) until 2016 (end of available data). The aggregated payment includes ingredient cost, dispensing fee, sales tax, and any applicable administration fees. The total drug cost was based on the amounts paid by the Part D plan, Medicare beneficiary, government subsidies, and any other third-party payers; the total cost did not include rebates or discounts from the drug's manufacturer. Rebate amounts are usually proprietary and thus not publicly available.
Statistical Analysis
Data were analyzed from December 1, 2017, through August 1, 2018. We used descriptive statistics to characterize patientand physician-level characteristics. Analyses were conducted using the Aetion platform, 17 SAS statistical software (version 9.3; SAS Institute Inc), and R software (version 3.4.2; R Core Team, 2017).
Results
We identified 7923 individuals in the Optum database and 6633 in the Truven database who were prescribed dextromethorphan-quinidine. After excluding 1698 individuals who did not have 180 days of preceding baseline enrollment, the study cohort included 12 858 patients across the 2 databases. Mean (SD) age in the cohort was 66.0 (18.5) years; 66.7% were female and 33.3% were male. In the Optum database, 365 patients (5.5%) had a diagnosis of ALS, 427 (6.4%) had a diagnosis of MS, and 4345 (65.3%) had a diagnosis of dementia and/or PD (Table) . Similar findings were observed before the drug label update in 2015 ( Figure 1 ). For example, in 2013 and 2014, 633 of 973 patients prescribed dextromethorphan-quinidine (65.1%) had a diagnosis of dementia and/or PD. The percentage of patients with a diagnosis of ALS or MS generally decreased over time, and the percentage of patients with dementia and/or PD generally increased over time (Figure 1 ).
In the Truven database, 514 patients (8.3%) had a diagnosis of ALS, 650 (10.5%) had a diagnosis of MS, and 2978 (48.0%) had a diagnosis of dementia and/or PD (Table) . Similar findings were observed before the drug label update in 2015; over time the percentage of patients with a diagnosis of ALS or MS decreased and the percentage of patients with a diagnosis of dementia and/or PD generally increased ( Figure 2 ). When we combined results from both databases, few patients prescribed dextromethorphan-quinidine had diagnoses of MS (1077 [8.4%]) or ALS (879 [6.8%]). Most patients (7323 [57.0%]) had a diagnosis of dementia and/or PD. In addition, 1713 patients in our study (13.3%) had a diagnosis of heart failure and 4928 (38.3%) filled a prescription for a QT-prolonging medication within 30 days of receiving dextromethorphanquinidine (Table) .
Using the Optum database, we identified 3864 distinct prescribers. The most common prescribers included general internists (982 [25.4%] 
Discussion
In our study, fewer than 20% of patients prescribed dextromethorphan-quinidine had a diagnosis of ALS or MS. This find-ing was consistent across 2 national commercial claims databases; it was more pronounced in the Optum database, which has a greater proportion of patients with Medicare Advantage coverage, than in the Truven database. Despite FDA approval for treatment of pseudobulbar affect based on studies of patients with ALS or MS, our findings suggest that dextromethorphan-quinidine was primarily prescribed for patients with dementia and/or PD.
Pseudobulbar affect is a clinical diagnosis, which might partly explain why the drug was used in a broader population after approval than in the preapproval trials. Although behavioral symptoms are common in patients with dementia, the cause is often not pseudobulbar affect. 18, 19 Current therapies to treat behavioral symptoms of dementia are largely ineffective, and thus clinicians may want to prescribe dextromethorphan-quinidine to see if it helps their patients, despite the dearth of trial evidence on its efficacy in this context. 18, 19 Yet the absence of data showing efficacy, coupled with the demonstrated risks of falls and possible cardiac effects, calls this strategy into question. The use of dextromethorphan-quinidine in broader populations than those included in the pivotal studies leading to FDA approval has some parallels with the prescribing of antipsychotics. 20, 21 A population-based cohort study of 51 881 adults in Ontario, Canada, with intellectual and developmental disabilities found that 39% were prescribed an antipsychotic. 22 Of these patients, only 40% had a documented major mental illness (ie, psychotic disorder, bipolar disorder, major depressive disorder). Although broader use of medications in understudied patient populations may be clinically justifiable, drugs may also have previously unrecognized adverse effects when used in broader populations. 23 Clinical trials of antipsychotics typically enrolled young to middle-aged patients with major mental illnesses, but with few medical comorbidities. 24 After FDA approval, these medications were prescribed to patients who were older, had a greater burden of chronic medical conditions, and often did not have a major mental illness. 25 Multiple studies have since demonstrated that antipsychotics increase the risk of mortality in elderly patients. 25, 26 As a result, these medications now carry a boxed warning about this risk, the most prominent safety warning the FDA can issue. In the case of dextromethorphanquinidine, we found that it is being used in a population that is approximately 15 years older than those included in the main preapproval clinical trial (mean ages, 66.0 years compared with 52.0 years). Age is one of the strongest risk factors across all drugs for adverse drug events. 27 Other important commonalities between past experiences with antipsychotics and prescribing of dextromethorphan-quinidine may exist. For example, for patients with intellectual and developmental disabilities, prescribing of antipsychotics was more common for patients in group homes (56.4%) compared with 39.2% not in group homes.
22 Prior studies have also shown that the use of antipsychotics is more common for patients with dementia living in nursing homes than those living in their own home. 28 What proportion of patients in our study were institutionalized is unknown, because insurance claims data rarely include institutionalized patients. However, according to the 2017 CNN report, which used data from Quintiles and IMS Health (currently IQVIA), 6 approximately half of all prescriptions for dextromethorphanquinidine from 2012 to 2016 were for patients in long-term care facilities. Because patients in long-term care are generally not included in insurance claims databases, this finding may explain why we identified more patients prescribed dextromethorphan-quinidine using data from CMS compared with patients in the Optum and Truven databases. According to the report, 6 nearly half of the CMS claims for this medication were from physicians who had received money, gifts, or meals from Avanir Pharmaceuticals or its parent company, Otsuka Pharmaceutical. Because the Optum and Truven claims databases use encrypted physician identifiers, we were unable to link these physician identifiers with the federal Open Payments database that records payments from pharmaceutical companies to physicians. The phase 2 trial comparing dextromethorphan-quinidine with placebo for the treatment of agitation in patients with Alzheimer disease 12 used a patented sequential parallel comparison design method. This design, according to the study report, enhanced "the ability to detect a treatment signal even in the context of a robust placebo response." 12(p1243) Although the study concluded that these "preliminary findings require confirmation in additional clinical trials with longer treatment duration," 12(p1252) a letter to the editor noted that the proprietary study design functionally precluded replication without obtaining a license from the patent holders. 29 The adverse effects of dextromethorphan-quinidine, as reported in the trial in patients with Alzheimer disease, 12 also warrant attention. Two of the more common adverse effects were falls and urinary tract infection, both likely the result of the sedating effects of dextromethorphan. Other concerns include QT prolongation and a risk of precipitating heart failure.
8
In our study, 13.3% of patients prescribed dextromethorphanquinidine had a history of heart failure, a contraindication, and 38.3% were recently prescribed another medication known to prolong the QT interval. We were not able to calculate the risk of urinary tract infection or fall because our study lacked an active comparator. Our study found that CMS reported spending approximately $520 million on dextromethorphan-quinidine from 2011 to 2016 (Figure 3) . A recent study 30 comparing the cost of combination medications with the cost of their individual generic constituents found that CMS reported spending $12.30 per dose of dextromethorphan-quinidine, whereas the cost of the generic constituents was $0.69 total. Notably, to determine the cost of the generic constituents, the study 30 used the price of a 200-mg dose of quinidine rather than the 10-mg dose used in Nuedexta because quinidine is not available in the United States at that lower dose as an individual product. If the lower dose of quinidine was available at a similar cost, that study estimated that the potential reduction in reported spending by the Medicare drug benefit program in 2016 could have been $189 million had the generic products been prescribed instead. The same study 30 also found that the cost of dextromethorphan-quinidine increased by 42% from 2011 to 2016.
Limitations
Our study has several limitations. First, we were unable to contact physicians and other health care professionals and determine why dextromethorphan-quinidine was prescribed and thus inferred the reason based on patient diagnoses from the approximate time of the initial prescription. For patients without recent claims connected to ALS or MS, we were unable to determine whether the dextromethorphan-quinidine was for the treatment of agitation or whether those patients displayed signs of pseudobulbar affect, which has been reported to occur in about 18% of patients with dementia and about 7% of patients with PD. [31] [32] [33] The exact prevalence of pseudobulbar affect for patients with dementia or PD, however, is hard to estimate. A prior study by the manufacturer of dextromethorphan-quinidine suggests that prevalence may range from 9% to 39% for patients with dementia and from 4% to 24% for patients with PD. 34 One might argue that extrapolation of available data and prescription of dextromethorphan-quinidine to patients similar to those identified in our data would be reasonable; however, until January 2015, the drug's labeling explicitly stated that the medication was not shown to be safe or effective in patients with Alzheimer disease and other dementias who do not have pseudobulbar affect. 8 Second, some patients had a diagnosis of dementia and/or PD with ALS (1.0%) or MS (1.8%), but these percentages are small, and such dual diagnoses do not meaningfully affect our overall findings. Also, some overlap occurred between patients captured in the Truven and Optum databases, and we may have double-counted some patients. This degree of overlap is small (likely <15%) and is unlikely to change our findings. 35, 36 Third, because older patients and patients living in long-term care facilities are underrepresented in commercial insurance claims databases, we may have underestimated the extent of prescribing to patients with dementia or PD. Fourth, the cost data from CMS does not include rebates or discounts; thus, the actual figures for CMS spending on dextromethorphan-quinidine are likely somewhat smaller than the published data indicate.
Conclusions
In response to findings such as ours, further attention should be paid to educating prescribers about the actual benefits and risks of this costly drug combination. In addition, the FDA could consider more closely monitoring the characteristics of the populations of patients using medication after their approval, as well as their adverse drugrelated clinical outcomes. Through the Sentinel Initiative, the FDA already collects near real-time anonymized prescribing data for more than 100 million people. 37, 38 The agency launched the Sentinel Initiative in 2008 with the goal of monitoring the use and safety of drugs and other medical products. Data from the Sentinel Initiative could be used to identify and quantify how medications are being prescribed following their approval. When medications are identified as being prescribed widely among patient populations that have not been studied in clinical trials, further investigation would be warranted to understand why this is occurring and to conduct studies directly assessing the safety and effectiveness of the medications in these patients.
In the case of dextromethorphan-quinidine, our findings show that this medication was quickly used after approval primarily in elderly patients with dementia and/or PD. Further studies should be required to evaluate the safety and effectiveness of this medication as it is currently being used. 
